To study the function of the DRM genes, we isolated Proper DNA methylation patterning requires the com-T-DNA insertion mutations in both DRM1 and DRM2 plementary processes of de novo methylation (the ini-( Figure 1B ) and crossed these together to create drm1 tial methylation of unmethylated DNA sequences) and drm2 double homozygous plants. RT-PCR using primmaintenance methylation (the faithful replication of ers on either side of the T-DNA insertions detected expreexisting methylation). showing that the FWA transgene was efficiently siThe Arabidopsis thaliana genome contains two related lenced. Southern blot analysis showed that the FWA cytosine methyltransferase genes, DRM1 and DRM2 transgene was de novo methylated at the CpG dinucleo-( Figure 1A) , whose catalytic domains show sequence tides present within CfoI restriction sites ( Figure 2C ). similarity to those of the Dnmt3 methyltransferases [5, However, FWA transformed into drm1 drm2 double ho-11]. However, unlike Dnmt3s, the DRMs have unique N mozygotes produced plants with a late flowering phenotermini containing ubiquitin associated (UBA) domains. type, and the de novo methylation of the transgenes was Furthermore, relative to all known eukaryotic methylblocked (Figure 2 ). Untransformed drm mutant plants do not show a late flowering phenotype ( Figure 1D ), and drm mutations do not affect preexisting methylation at
CfoI sites ( Figure 2C ). Therefore DRM is required for de novo methylation of FWA transgenes but is not required for maintenance of CpG methylation and silencing of the endogenous FWA gene.
The late flowering phenotype in drm1 drm2 FWA transformants was heritable in both the T2 and T3 generations. Furthermore, when we crossed late flowering drm1 drm2 FWA transformants with wild-type plants, the F1 plants retained a late flowering phenotype. Therefore, once FWA transgenes are hypomethylated (due to the presence of drm mutations), they retain the hypomethylated and active state even when exposed to wildtype DRM alleles in later generations. This suggests that FWA transgenes are most susceptible to DRM-dependent de novo methylation either during the transformation process itself or during the first generation after transformation. These results are consistent with the observation that the originally isolated fwa hypomethylated epigenetic alleles are stable in wild-type DRM backgrounds [14] .
Using the FWA transformation assay, we also tested the drm1 and drm2 single mutants and found that drm2 but not drm1 blocked transgene-associated de novo methylation and silencing ( Figure 2B ). This is consistent with previous observations that DRM2 RNA is expressed at much higher levels than DRM1 RNA [5] and suggests that DRM2 is the predominant de novo methylase in Arabidopsis. Since we could not rule out a minor role for DRM1, we performed the remainder of our experiments using drm1 drm2 double mutants.
The DRM Genes Are Not Required for Maintenance of SUP Gene Silencing To study the role of the DRM genes in the maintenance of preexisting methylation and silencing at the SUP locus, we crossed the drm1 drm2 double mutant to two different epigenetic hypermethylated sup alleles (clark kent alleles), clk-3 and clk-st. clk-3 is an allele in which the SUP gene has become densely hypermethylated and silenced but which spontaneously reverts to a wildtype unmethylated allele 3% of the time [15] . clk-st is a transgenic strain containing a 24 kilobase SUP inverted duced but did not eliminate SUP asymmetric methylation (a detailed study of the effect of the DRM genes on asymmetric methylation will be published elsewhere). CpG methylation is not adequately assayed in this re- Figures 3B and 3C) was to use the cmt3-7
Conclusion Our results suggest that the DRM genes are important mutation to erase SUP methylation and then simultaneously cross in a wild-type allele of CMT3 and mutant for the establishment but not the maintenance of gene silencing at FWA and SUP and are required for de novo alleles of drm1 and drm2. In this way, we could determine whether drm mutations would block reestablishmethylation of cytosines in all known sequence contexts, CpG, CpNpG, and asymmetric. While the direct ment of SUP methylation and silencing. As diagrammed in Figure 3B , we crossed a cmt3-7 clk-st plant to a repeat containing FWA gene was only susceptible to DRM-dependent de novo methylation in the first generadrm1 drm2 clk-st plant. The F1 plants from this cross displayed a wild-type SUP phenotype. In the F2 progtion after transformation, the SUP inverted repeat containing transgene locus was affected by DRM genes eny, we identified a plant that retained a wild-type SUP phenotype and that was homozygous for the wild-type many generations after integration. One interpretation of this finding is that DRMs may methylate direct repeats CMT3 allele, homozygous for the clk-st inverted repeat SUP locus, and homozygous for both drm1 and drm2.
and inverted repeats by different mechanisms. The observation that drm mutants block de novo We named this plant line 30 ( Figure 3B ). Bisulfite sequencing of line 30 near the 5Ј end of the SUP gene methylation of FWA and SUP but do not cause a major loss of preexisting methylation of these genes after inshowed that it had a very low level of cytosine methylation in CpNpG and asymmetric contexts ( 
